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and carbon nanowoe, e zirconium base, titanium base or rare earth metal-nickel base Laves- 
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^^lf f^f l£ffl^ 1—90%; flf Aft ±-Hk& AB 5 3! . ft 

£.#it£.#,#i4*£. Laves ft & AB 2 ^ . *fc4fc & jK,4fc4fejfc AB ^ > # 
A 2 B — #^^#^-L^ — it^l^ 

^^.^ii^^^^t i #^T^# l J^^^> ft. 
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& &. m ^ &. - ft m & # # » #»j**fi.^^/^^*^«.^«f 

fc^^ 7 Z 6 ikte o ft&<^£- — #fc^#e9H : #i 
4*£ (AB 5 ^) . (AB^l) . (A 2 B30 jfp# 

&fctk& Laves *B & (AB 2 fl) . t£ — Jifa & *J ) T> 

iL-^ft fc 1 ^^r^i&#J&, (H 2 ) &*&Fftf'J^£-&®#4M&# 

(H) iiX^J^^ a a a ^]«l p& t . n?i&$>b#& 

^fij^f^^^&^ v ^-#^A*o £-£ft lL^^r*£-&ft &.&*^#] 

7*7 : AB 5 ^^- LaNi 5 H 6 7-7 ) ^7*7 1.4wt%. AB ( # TiFeH K9 

7*7#']) 7*7 1.8wt%> A 2 B Mg 2 Ni 7*7 3.6wt%. AB 2 

(vX ZrV 2 H 4 . 5 ##J) # 2.0wt%. ft fc^^r *J & ^ & T it at ^ & $L*fc 

& . # & & & - *LttftMi*^ it # & & #c & ^ %Lfc it # & 

^^^^ft I^&^i&i^Tf^&jt (Dillon A. C, et al . , 
Nature, 386(1997)377; Chen P., et al.. Science. 285(1999)91; 
Liu C. et al., Science. 286(1999)1127) . %ft (H 2 ) 7i — 
^^^TiiTvf'J^^^-f ft#&:fc . @£r*r^IS], <fg.it^ftft^* 
%fifM--%-, 4wt%$'J 20wt%» js^l^^-f ft «T4* A > 

(7^-f- 12MPa) . fit^m &fr*k'yfc iLft^&ftfe^ . & 
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■ftft&^ft 12MPa £.&T«jg.&& 4.3wt%, & }&fa ^r#T X jSfe#3t«. 
2/3, 3wt%» =-#^j* : 

. Yt# ^a^X&^^;t;tl;fc^£& > 4M&3W# Co. Ni . Fe fa Y 

*4fcU3# — 6^j^^#t T -g^fit t.##> i&ffi^ttftJk 
& £*fi* # ft £ fit *H£ A ( fit fi.^^: ^ #L 

^^^fitt,^*) # fit X&tikSLttft, * 

w ft % - a # 7 #f # a. ^fit &#*t# & - ft *j 45->ar & ; 

Bfl # JL- @ # 7 0f i£ &#ftft % =-ft M &7i & 

£ m ft # - S # * & # 7 #T s£ -1 ^ fit & # # $ EE? # $| £- 77 „ 

^ fit fe^^r/^^ * f t^fiH#tt &#fit fe^^r^^^l 
* + fit&^£-#$*-£-*&ffl 3/ 1-90%. 

^i£fi* #A4*# AB 5 ^ , 

* Laves 4a & AB 2 ^ . ^t*fc & & AB 5! > ^^^^r A 2 B Q 

^T^fi^fc^^rt#i^^ AB 5 ^}^^|JL^^ LNi n _ x _ y _ z Co x N y M 2 , 

* *P L 7*7 A > La , Ce . Nd , Pr . Y, N^M^ v ?i]^ Mn, V, 
Cr , Al , Fe . Cu , Zn . Sn , 4<n<6 , 0<x<2 . 0<y<2 , 0<z<2 ; #• 

±4&& Laves ^a & AB 2 32 KNi a _ b _ c _ d V b G c J d , 
£■ t K # Zr - Ti . Hf > /Tt,^# i^r J, , La . Ce . Nd , Pr , Y, G fa J 
^rS'J 7*7 Co . Mn.Cr . Al . Fe . Cu . Zn . Sn , 1 .2<a<2.8> 0<b<2 , 0<c<2 , 
0<d<2 ; &.4fc&sfc&.<&& AB^^^rM^T^ HNi^.jFe^j , £■ t H 7^7 Zr - 
Hf, Pid Co. Mn . V. Cr > Al . Cu , Zn . Sn , 0.6<m<1.5> 0<k<1.5» 
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0<j<l ; 4k&.&& A 2 B J Q&&$3.A% Mg^fEfNi^^COpT,, ^tE^Ca, 
Zr > Ti . Hf . i . La . Ce ■> Nd . Pr > Y , T % Mn > V , Cr . 

Al . Fe . Cu . Zn. Sn, 0.8<g<2.5, 0<f <1 , 0<p<0.6, 0<q<0.6. 

&teM±.m±&& AB 5 ^. &&&ik& Laves *a & 
AB 2 ^! . ik%k&fa4k4k& AB 34 N A 2 B ^ft — 

0.5-150nm o 

1) fe^TWiMMJ , co) fit & 

^^^^*J^«&^T^#i^^ (AB 5 5!) Laves 
*a,f> (ab 2 30 , ikt&&frik4k& (AB 51) , 4kg><&& (A 2 B 3D 

^<70fxmo (io^j^^^^^L^^?^) 6^fi;t l^^-sT^I- 

^l^^^'f^t A, CH 4 . C 2 H 2 . C 2 H 4 . C 6 H 6 i£ CO . 

fa *h ^ it jk % _L & ft . # - ^ * # $ 3>J £ ^ & T *h J. 

523K — 1073K, 10—70 673K — 1273K, 

Kfr> ^oit 2~40ml/cm 2 .min, & H 10—70 ^#^r # oh & # 3. , 
o £2 SEM (^3^^4i) XRD (X-nM) fa TEM (it4t&4t, 

2) # Ni. Co. Fe. Cu #ik>&# — , 
$L&4t&%> (^C0) $L#*J ##$Ufc*J-£&i?4£ . 4k > 
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(A) # — NiO. CoO. FeO. CuO ^t^-fi — 

ihK%LB-%L%* > ^Li^iiT^Si 523K — 1073K, 0.5—5 'h 

B^J&^Si 673K — 1273K, &jH&B-WF> ;/fuit 2 — 40ml/cm 2 .min, 
>EL 10—70 ^4fJSF ff- jh^^^fl^^. , ^H^-fc^ CH 4 > C 2 H 2 . C 2 H 4 - 

C 6 H 6 « COo ##J#^*- i t fc&&M£:M,tf}}&&fol=>i+±#] Mg 
#^Ti^^^^^, B t . £ 0.2 — 0.8MPa ¥} Ar ^ 

#tT> 723K— 1273K 1—6 'J> H , itlg-fc M & M, % A Mg 2 Ni 

i% Mg 2 Cu i% TiNi . Tl 2 Ni ^ TiFe fit fe^^T Sfcfit - 
^&#fitt i ^^r/^#i*. ; f #££-fit • ^ SEM, XRD TEM 

(B) ##j&&&&&$£-f*&'£*£-#Tl5"J8B#- La 2 O 3 -10NiO. 
Mm 2 O 3 -10NiO. Ti0 2 -NiO> Ti0 2 -0.5NiO fa Ti0 2 -Fe 2 0 3 

$o%%\&-$LW&t $LfcM1ftmi£ = I s ] (a) #fi£^^£UT> ##m 

^^^^^-ft^J^r^ Ni , CO i% Fe >& La 2 0 3 ^ Mm 2 0 3 ^ Ti0 2 . 
# J*. jS,^4fc ij -1+ * ^ CaH 2 Ca , £ JSL ^ & t^/Si 973K— 
1273K, 1—5 -hN", ^#p£.:£SL, l%S£g£ 

gb #*Jfit fc^/^^'f o 

££SEM. XRD #p TEM (it#&#.> #t&&jfc/* &*LS) ^ *f *J i£ t£ £ 

fi*&<^£r^ifc# J^&& (AB 5 M) . 4* Laves *B jfc ( AB 2 
3D . %L4& (AB , ( A 2 B ^) ^# B B a ^-£ 
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-J^^ffi] o *&m&&M%r&m Ni. Co. Fe. Cu — #^^r 

M,$L&%o%4$4tm > *£^4t&$o&m> JLikKfaft ch 4 . c 2 H 2 . c 2 H 4 . 

C 6 H 6 ^ = SEM s£ XRD TEM ( a£ # *M£ . #A^^^AtS) 

^£ a ^i£^i£^&>£&# KOH ik NaOH 6$3jC*£>&. 
^ O.S—Smol.L" 1 , t &%*mM.fc%) (K ^ Na) , m^ltfyj (K 

i% Na) 0.0~2mol.L- 1 ; /3fa£ £*L& 193 A 

7^7 : 11 A ^ ^fi£M^ Jfffc&A^ tffltflfcteA^J-ai 

jfc<fcifc^S£#. A P3^-?-^H + . K + . Na + . NH 4 + . Ni 2+ > Co 2 ". Fe 2+ . 
Cu 2+ i£ Pd 2+ A . ItP^f*^^) 0.01~2mol.L- 1 , 

i 

jfr&Mtr LaNi 4 5 Fe 0 5 $^5. 10^—20^, £ 6mol .L" 1 
KOH i§L>3L t tfiTfta 30 , jL£-f-^, ?P##f$'J 

fr&mfcift -Li£*T . # lg tefcl&A.^&T-fl- 

873K, 20 & , sfiASltat 10ml/cm 2 . min 6$ *f 4& , 

60 ^#^#iL, £ H^^T^SitS. 

0.2g. Sievert's it JSL i£ 1. t 3HI it & ^ ® fit & fi& , 

fit fL^-i^ 2.5wt% o 
2 
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ft 2mol.L- 1 NiCl 2 ^. 2mol.L- 1 LaCl 3 7jC>£$U&'fMx 5:1 
$J , &**ffc#T£tt;&»A l.Smol.L" 1 Na 2 C0 3 it 

ztmg , -rmft+js. 373k 

ftl 923K, 30 £*4tj£, atXjJitifc 20ml/cm 2 .min 6<?j f ^ , 

30 ^#^^ah, i&£j*4fc. ftttj*%)Jz, CaH 2 /£ * *b # 1:1.1 & 

aj. 1223K, 'la a 4 -IH^ . ifi.it^^P/ 6 ^ J-^a. >& it /* . # 

fit. *£-f-^, ft 

$*Jb# 2/1= &#w£ Sievert's & £L & £ * >>] £ * *L SI f$ 

4. 5wt%. 

3 

ZrV 0 2 Mn 0 6 Co 0 ^Ni, -2 Mi 10(im~20^m , 
& 343K T O.Smol.L" 1 NiF 2 /NH 4 F ttt^hS 0.5 * *f *P##T *J & # 
^^#Ut#J-&# . ft 2L&ft& t #ftM)M$-&®!£ 
fc\iti&tktiLihJ6L&£,$Lf.X*ttt. ft lg ft. 41 $] £ % \ K ftTfh 

Si 873K, 10 3Mt>£> iiXStii 15ml/cm 2 .min # f , it £Z 

60 ^4t^#iL, £ h 2 ^ITHSifS, t&ih&fgf* 

±% 0.4g o £*rwfc Sievert's Sl B- $L % t »J £ * *L g) ft *& . * 
614,^* # 3.8wt% . 
^3fc#J 4 

# TiFe 0 . 8 Ni 0 ., ^^r^^J. 50nm~70nm, $ 
O.Smol.L- 1 NiF 2 /NH 4 F/NaH 2 P0 2 j&$.t*&>t ( *T M. K ML M ) 70 

^^^^^^'J^^Iil^^^^ii^^^^H^^^-Lii^f . # lg 
^{Mb £ t, ^ *L #1 T £ 973K , m Jt 10 # J£ » i|A ^ it 
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25ml/cm 2 .min ¥} f i& , JslB- 60 fr&Jsl^jk, H 2 ^^Tl^^it 

0.3go £*rw£ Sievert's JzlB.%L3. 
t /H-JC^-^m^iL'^^' *ft&^*^7 3.1wt%» 
5 

# Mg 2 Ni ^^#*r£ 50,im~70|am, & Js & MlKK^&W-T 

70 'J^=tFp#^f#J^6^^ a 9 g ^^r^^^^# . ft ^J^f^ 

lg ^^Jit^^^T^ai 823K, itA^it 30ml/cm 2 .min # £ 

jLh 60 ^4t^#ah, £ h 2 ^^.Ti^aita, 

0.6g» Sievert's & & j£ £ t 3U £ * ^ SI fit & 

&3&#'J 6 

# ZrV 0 2 Mn 0 6 Ni, 2 J- 50nm-70nm, 0.5mol.L _1 
NiF 2 /NH 4 F tt$| 40 'J- H # ff\ %\ %r#l \K # - # X 
f^i(j 5~20nm 6«^<f , ft fe^^r J§ # #) # # $ * ifc # 1/2, 
ifc^N"!^ 30 ^4t. >* A^^'l^. o pfo&.fafe Sievert's 
&£&£t» , J£#^lilft&'I£&> £ftt^*^7 3.4wt%. 

*> ^-#«t^^ s^t^^ft Tf?^^ 
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#l # jg. 

1. 

6^$t^t?£ffl^ 1— 90% c 

Laves 4@ & AB 2 ^ > AB ^ > #^^^r A 2 B ^ . i^^raa 

f&fi^^r t AB 5 :LNi n _ x _ y _ z Co x N y M 2 , 

^ t L it? i ^£r>g, . La . Ce > Nd > Pr > Y , N ^ M ^ #J % Mn . V , 

Cr . Al . Fe > Cu , Zn , Sn > 4<n<6 » 0<x<2 . 0<y<2 . 0<z<2 ; #• 
iM£j^iM# Laves #3 & AB 2 ^ % : KNi a _ b _ c _ d V b G c J d , 

+ K % Zr . Ti . Hf s i^r M, ^ La > Ce , Nd > Pr . Y, G jfp J 

^ #J 7?7 Co , Mn Cr , Al , Fe , Cu , Zn , Sn , 1 . 2<a<2 . 8 , 0<b<2 , 0<c<2 , 
0<d<2; AB iHNi^.jFefcPj, t H 7*7 

Zr . Hf , P 7^7 Co . Mn , V > Cr . Al . Cu . Zn . Sn , 0 . 6<m<l . 5 , 0<k<l . 5 , 
0<j<1 A 2 B :Mg B _ f E f Ni 1 _ p _ q Co p T q , t E ^ Ca , 

Zr . Ti . Hf . }&^-# i^r^ . La . Ce . Nd . Pr , Y, T % Mn , V . Cr > 
Al. Fe . Cu s Zn , Sn , 0.8<g<2.5, 0<f<l > 0<p<0.6> 0<q<0.6; 

# «1 AB 5 3K Laves ft jfc AB 2 

^ . ik$k&fc4k&& AB ^ > M*^£r A 2 B ^} #f i^ftjft j*_Li# — tl 

3. #.#;M'J-£# 1 
7*7 0.5~150nm . 
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^K^LT^'AS. 523K— 1073K, 10 — 70 ^*fj&^afj 673K — 

1273K, Kfax&^fc&%Q$i CO, afcifc 2— 40ml/cm 2 . min , j£ 

H 10—70 £*4tJ£4fjh £ a . #fJ f$ #3 

5. *i#J*# 1 *&A^fc##*$*l*-38rS*. 
JMMMtiS Ni> Co. Fe. Cu &&M,7&&®%i$.fc 

t> -&5L*L?ATfha5. 523K — 1073K, £M# 0.5 — 5 'J^J&^ai 
673K — 1273K , 4fc &. B. K & ^ $7 ^ CO . SS. it 2 — 

40ml/cm 2 .min, £ £L 10— 70 ^ *f otvfa & # flfc & . # f '] *1 #3 t}c -f 

^ 4M£ 3'] ^ *fc , 4fr-&£L^*to4&. ik^ 

#i^T>^^^J:#^ 0.2— 0.8MPa ^ Ar ^#i<T> 723K— 1273K & 
r«t 1~6 ^IfS. #J'JliHMM^^f ftX&HM 

La 2 0 3 -10Ni0 .Mm 2 0 3 .10NiO .Ti0 2 -NiO .Ti0 2 -0.5NiO 
^ Ti0 2 -Fe 2 0 3 flE^. #i£$l#.#J 

;fc&Ii|Jt/fc^#.&&$fci5&3 1 &&&*. * . ^fe^iTfSl 523K— 
1073K, £M# 0.5—5 'hB^^-^aj. 673K — 1273K, 

CO, j&sfc 2— 40ml/cm 2 .min, 10—70 4$ Js & ± il* 

&#P£a, #£]^M^^?MiH£3'J^rJ, Ni. Co jfc Fe & La 2 0 3 ^ 
Mm 2 0 3 38c Ti0 2 A JMMfc#&^*fe > CaH 2 3& Ca 

^. ^A^Lsnt-fhaj. 973K— 1273K, fiUa 1 — 5 Bt , p^j^a, 

1%S|8£& #.j&£.*4±. *J£-4t-£J 
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grftfe&T, ffT&tfL^fc&yoft CH 4 . C 2 H 2 . C 2 H 4 ^C 6 H 6 c 
8 • fc.*'] # # 1 <tf ft.#*W m , 

%L& l 3$.&3i&, %L$$.&)&Hffl&M& 10 

^fi^^,^^^: KOH i% NaOH <#7jc>£>£, fefofoJtft 0.5 — 

#J$LJ$L% 0.0~2mol.L- 1 , #f s£ *L Ik ^ + J9J A -f- # : & 

-3- > Pa H + . K + > Na + . NH 4 + > Ni 2+ . Co 2+ > Fe 2+ . Cu 2+ 

SS<. Pd 2+ & **L^J&«. ; J^A^^^T^ 0.01~2mol.L- 1 , P0 A 

>&^t;$ 0 .01 — 2mol . L" 1 o 
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